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(54) Apparatus and method for reproducing data from multi layered disks 

(57) A method for moving the focus ot an object lens 
from one layer to another in a disk having data recorded 
on a plurality of layers comprises: a first step for accel- 
erating an object lens in a first direction; a second step 
for detecting that a focus error signal surpasses a first 
voltage and for accelerating the object lens in a second 
direction different from the first direction; a third step for 
detecting that the object lens has moved for a predeter- 
mined duration of time and for accelerating the object 
lens in the first direction; and a fourth step for detecting 
that the focus error signal surpasses a second voltage 
and for starting focus servo control. The method and ap- 
paratus can reliably catch the just-focus point of a layer - 
and reduce the time required for movement from one 
layer to another. 
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Description 

This invention relates to an apparatus and a method 
for reproducing digital data, for example, recorded on 
two or more layers of a multi-layered disk. 5 

Optical disk reproducing apparatuses have been 
used for reading out digital image data recorded on op- 
tical disks. Data recorded on a disk is digital and con- 
tains a large amount of information. It often occurs, 
therefore, that the entirety of a desired unit of data can- to 
not be recorded on a single disk. To cope with the prob- 
lem, a multi-layered disk having a plurality of recording 
layers on a single disk has been proposed. 

Upon reproducing data from an optical disk, the disk 
is rotated in a predetermined direction by a spindle mo- is 
tor after focus servo control and tracking servo control. 
Consequently, focus servo control is executed by mov- 
ing an object lens in a pickup in a face-to-face relation 
with the disk so as to close the servo loop at the zero- 
cross of an S-shaped curve of a first detected focus er- 20 
ror. 

If this is applied to a multi-layered optical disk hav- 
ing two or more layers, in order to move focalization of 
the object lens from one layer to another, it is necessary 
to perform a focus servo control of a destined layer by 25 
conducting another focus search after canceling the fo- 
cus servo control which has been effective hitherto. Dur- 
ing focus search with a multi-layered optical disk, a 
number of S-curves corresponding to the number of lay- 
ers appear in the focus error signal. When the second 30 
layer is to be focalized, focus servo control may be per- 
formed at the second S-curve. Similarly, for focalization 
to the fourth layer, focus servo control may be performed 
at the fourth S-curve. 

Such focus search, however, takes a long time for 35 
movement from a layer to another. 

Embodiments of the invention can provide an ap- 
paratus and a method for reproducing data from a multi- 
layered disk, capable of reducing the time required for 
movement from a layer to another. 40 

According to the invention, there is provided a disk 
reproducing apparatus for reproducing data recorded 
on a plurality of layers of an optical disk, comprising: first 
comparator means for comparing a focus error signal 
with a first voltage; second comparator means for com- 45 
paring the focus error signal with a second voltage; drive 
voltage supplying means for selectively supplying a first 
or a second object lens drive voltage in response to re- 
sults of comparison supplied from the first and/or sec- 
ond comparator means; and means for driving an object so 
lens with the object lens drive voltage supplied from the 
drive voltage supplying means. 

There is further provided a disk reproducing method 
for reproducing data recorded on a plurality of layers of 
an optical disk, comprising: a first step for accelerating ss 
an object lens in a first direction; a second step for de- 
tecting that a focus error signal surpasses a first voltage 
and for accelerating the object lens in a second direction 



different from the first direction; a third step for detecting 
that the object lens has moved for a predetermined du- 
ration of time and for accelerating the object lens in the 
first direction; and a fourth step for detecting that the 
focus error signal surpasses a second voltage and for 
starting focus servo control. 

In embodiments of the invention, when focalization 
is changed from a layer to another of a multi-layered 
disk, the object lens is first accelerated up to the rising 
of the S-curve in the focus error signal corresponding to 
the destined layer, passing over the just focus point, 
then accelerated in the opposite direction, and again ac- 
celerated in the initial direction ???, thus to establish fo- 
calization to the destined layer. 

The invention will now be described by way of ex- 
ample only, with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a block diagram of a multi-layered disk re- 
producing apparatus: 

Figs. 2A to 2J are timing charts of a focus jump op- 
eration from a first layer to a second layer in the mu I- 
ti-layered disk reproducing apparatus; 
Fig. 3 is a flow chart of a soft-ware control of a focus 
jump operation from the first layer to the second lay- 
er in the multi-layered disk reproducing apparatus; 
Figs. 4A to 4J are timing charts of a focus jump op- 
eration from the second layer to the first layer in the 
multi-layered disk reproducing apparatus; 
Fig. 5 is a flow chart of a soft-ware control of a focus 
jump operation from the second layer to the first lay- 
er in the multi-layered disk reproducing apparatus; 
and 

Figs. 6A to 6J are timing charts of a focus jump op- 
eration from the first layer to the third layer of the 
multi-layered disk reproducing apparatus. 

A multi-layered disk reproducing apparatus embod- 
ying the invention is described below with reference to 
the drawings. Fig. 1 is a block diagram of the multi-lay- 
ered optical disk reproducing apparatus for reproducing 
data from an optical disk. Numeral 11 denotes a quar- 
tered detector comprising four detectors (11 A, 11B, 11C 
and 11D) which are based on an astigmatic process. 
The quartered detector 11 detects whether an irradiated 
laser beam is exactly focalized on the optical disk. De- 
tection signals of the detectors 11 A and 11 C are sup- 
plied to an adder 1 2, and those of the detectors of 11 B 
and 11 D to an adder 14. The sum signal (A+C) output 
from the adder 12 is supplied to one of input terminals 
of an adder 20 and one of input terminals of a compa- 
rator 16 through an amplifier 13. 

The sum signal (B+D) output from the adder 14 is 
supplied to the other terminal of the adder 20 and the 
other terminal of the subtracter 16 via an amplifier 15. 
Supplied from the subtracter 16 is a ((A+C)-(B+D)) sig- 
nal as a focus error signal ERR which enters a phase 
compensation circuit 1 7, one of input terminals of a com- 
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parator 22, and one of input terminals o1 a comparator 
25. Applied to the other terminal of the comparator 22 
is a comparison voltage V2. The comparison voltage V2 
has a value higher than noise near 0V. The comparator 
22 performs zero-cross detection of the plus side, and 
outputs the detection signal to a switch 23 when the fo- 
cus error signal ERR is equal to or higher than the com- 
parison voltage V2. Similarly, a comparison voltage V3 
is applied to the other input terminal of the comparator 
25. The comparison voltage V3 has a value lower than 
noise near 0V. The comparator 25 performs zero-cross 
detection of the minus side, and outputs a detection sig- 
nal to a switch 26 when the focus error signal ERR is 
equal to or lower than the comparison voltage V3. 

The focus error signal, phase-compensated by the 
phase compensation circuit 17, is supplied to one of se- 
lective terminals of a switch 18. Supplied to the other 
selective terminal of the switch 1 8 is a focus search drive 
voltage from a switch 1 9. The switch 1 9 is supplied with 
a focus search drive voltage V+ at one of selective ter- 
minals and a focus search drive voltage V- at the other 
selective terminal. When the output signal of the phase 
compensation circuit 1 7 is selected by the switch 1 8, the 
focus servo loop for the optical disk is on. On the other 
hand, when the output signal of the switch 1 9 is select- 
ed, the focus servo loop is off, focus jump operation is 
done. In response to the signal output from the switch 
19, an object lens provided in the pickup moves. When 
the focus search drive voltage V+ is selected at the 
switch 1 9, the object lens is accelerated upward. When 
the focus search drive voltage V- is selected, the object 
lens is accelerated downward. 

A reproduction RF signal (A+B+C+D) output from 
the adder 20 is supplied to one of input terminals of a 
comparator 21 . Applied to the other input terminal of the 
comparator 21 is a comparison voltage V1 . The compa- 
rator 21 compares the reproduction RF signal with the 
comparison voltage V1 . When the reproduction RF sig- 
nal is equal to or higher than the comparison voltage V1 , 
a focus OK signal FOK indicating focalization being 
proper is output to a switch 23 and a switch 26 as a con- 
trol signal. When the switch 23 is turned on with the sup- 
ply of the focus OK signal FOK, a zero-cross detection 
signal FZC+ output from the comparator 22 is supplied 
to a CPU 24. Similarly, when the switch 26 is turned on 
with the supply of the focus OK signal FOK, a zero-cross 
detection signal FZC- output from the comparator 25 is 
supplied to the CPU 24. That is, switches 23 and 26 be- 
have to gate the zero-cross detection signals FZC+ and 
FZC- by using the focus OK signal FOK. This aims pre- 
venting malfunctions by noise at ranges where the re- 
production RF signal exhibits a low signal level. The 
CPU 24 is a typical one with a timer counter. 

During focus jump operations, the focus search 
drive voltage V+ or V- supplied from the switch 1 9 is se- 
lected, and the selected drive voltage is output from the 
switch 1 8 to accelerate the object lens upward or down- 
ward. Changeover of the switch 19 is controlled by a 



drive signal DRV from CPU 24 on the basis of the zero- 
cross detection signal FZC+ or FZC- supplied from the 
comparators 22 and 25. Focus search drive voltages V+ 
and V- used in this example are equal in absolute value. 

5 In CPU 24, a focus OPEN signal is generated, and it is 
supplied to the switch 1 8 as a control signal. According- 
ly, the phase compensation circuit 17 is selected by the 
switch 1 8. The signal selected by the switch 1 8 is trans- 
ferred through a drive amplifier 27 to a focus drive coil 

10 28 with one end grounded. The drive amplifier 27 is an 
N-time amplifier for phase compensation. 

When the focus OPEN signal becomes the HIGH 
level and the switch 1 8 selects the phase compensation 
circuit 17, the focus servo loop is on. When the focus 

15 OPEN signal becomes the LOW level and the switch 1 8 
selects the switch 1 9, the focus servo loop is off, and 
the focus jump operation is performed. 

Figs. 2A to 2J are timing charts for focus jump from 
a first layer to a second layer. At Figs. 2A, taking time T 

20 on the horizontal axis and the lens height x on the ver- 
tical axis, the moving track of the object lens is illustrat- 
ed. As stated above, for changing focalization from the 
just focus point of the first layer to the just focus point of 
the second layer, the object lens is first moved to once 

25 overshoot the just focus point of the destined second 
layer, and thereafter moved back to be focalized at the 
just focus point of the second layer. The speed of the 
object lens during these movements is shown at Fig. 2B 
where the lens speed v lies on the vertical axis. 

30 As shown at Fig. 2A, the movement from the just 
focus point of the first layer to the just focus point of the 
second layer starts at the point of time tl. That is, at time 
t1 , the control is changed from the focus servo loop con- 
trol to the focus jump control. It the period T1 from time 

35 t1 to time t2, the object lens is accelerated upward. Time 
t2 is the point where the S-curve of the focus error signal 
ERR of the second layer, when rising, surpasses the 
comparison voltage V2. After the object lens passes 
time t2, it is accelerated downward, passing a point (pe- 

40 hod of time t3) where the object lens intersects with the 
just focus point of the second layer. The period of time 
from the downward acceleration of the object lens to the 
intersection of the object lens with the just focus point 
of the second layer is designated by T2. 

45 The object lens is further accelerated downward, 

and passes time t4 where the lens speed is zero, taking 
the same period of time as T1 in which the object lens 
was accelerated upward. The period of time from time 
t3 where the object lens intersects the just focus point 

50 of the second layer to time t4 where the speed of the 
object lens becomes zero is determined as time (T1 -T2). 
The object lens, after passing time t4, is accelerated 
downward by time t5 (in the period of time T3), and then 
controlled to stop at the just focus point of the second 

55 layer. Time t5 is a point where the object lens is distant 
from the just focus point of the second layer by one half 
(x2) of such distance at time t4 (x1). 
Then the distance x1 is 
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x1=a(T1-T2) 2 /2 (1) 
Similarly, the distance x2 is 

x2=aT3 2 /2 (2) 

where a is the acceleration. 

CPU 24 calculates the point of time t5 (or the period 
of time T3) from Equations (1 ) and (2). 

. aT3?/2=A /2xa(t1-t2) 2 /2 (3) 

Equations (1 ) and (2) are related as shown by Equa- 
tion (3) which can be rewritten 

T3=(T1-T2)/<2 (4) 

Among digital data recorded on the first layer of the 
optical disk, the reproduction RF signal is read out by 
time t1 as shown at Fig. 2C. Since the digital data re- 
corded on the optical disk relies on the presence or ab- 
sence of pits, the reproduction RF signal exhibits the 
waveform as illustrated. In order to effect focus jump 
from the first layer to the second layer, the object lens 
must first be accelerated upward. Therefore, the focus 
OPEN signal (Fig. 2G) is set to the LOW level, and the 
drive signal DRV (Fig. 2H) is set to the HIGH level. The 
focus OPEN signal shown at Fig. 2G maintains the LOW 
level to the end of the control for focus jump. 

When the drive signal DRV becomes the HIGH lev- 
el, the object lens moves upward. Accordingly, the sig- 
nal level of the reproduction RF signal is lowered. When 
the reproduction RF signal becomes lower than the 
comparison voltage V1, the focus OK signal FOK be- 
comes LOW. When the signal level of the reproduction 
RF signal again goes high and surpasses the compari- 
son voltage V1, the focus OK signal FOK becomes 
HIGH. This is because the focus jump causes the object 
lens to begin to move out of focalization on the first layer 
toward focalization on the second layer. After that, the 
focus jump to the second layer is completed at time t6, 
and digital data recorded on the second layer of the op- 
tical disk is read out. 

If a focus error signal ERR (Fig. 2E) is generated in 
the minus side and surpasses the comparison voltage 
V3, then the zero-cross detection signal FZC- shown at 
Fig. 2J becomes HIGH. When the focus error signal in 
the minus side approaches OV and becomes smaller 
than the comparison voltage V3, the zero-cross detec- 
tion signal FZC- becomes LOW. 

When the focus jump from the first layer to the sec- 
ond layer is performed, the just focus point of the second 
layer becomes nearer than the just focus point of the 
first layer. Therefore, a focus error signal ERR is gener- 
ated in the plus side with reference to the just focus point 
of the second layer. As shown at Fig. 2E, when the focus 
error signal ERR surpasses the comparison voltage V2 
(time t2), the zero-cross detection signal FZC+ be- 
comes HIGH, and the drive signal DRV (Fig. 2H) be- 
comes LOW. Therefore, the focus search drive voltage 



V- (Fig. 2F) is supplied to the focus drive coil 28. That 
is, the object lens is accelerated downward. When the 
focus error signal ERR becomes lower than the com- 
parison voltage V2, the zero-cross detection signal 
5 FZC+ becomes LOW. 

The drive signal DRV (Fig. 2H) again becomes 
HIGH at time t5 where the object lens is distant from the 
just focus point of the second layer by a distance which 
is half the distance at time t4, and the focus search drive 
voltage V+ (Fig. 2F) is supplied to the focus drive coil 
28. The supply of the focus search drive voltage V+ con- 
tinues until the object lens reaches the just focus point 
of the second layer (point of time t6). After time t6, digital 
data on the second layer is reproduced in the ordinary 
way. 

However, the time when the object lens reaches the 
just focus point of the second layer does not necessarily 
coincide with t6, affected by the gravity, and the point of 
time where the focus error signal ERR becomes lower 
than the comparison voltage V3 is determined as time 
t6. Note that no affection is taken into consideration be- 
cause the acceleration of the object lens is larger than 
the gravity acceleration. Also note that the focus search 
drive voltages V+ and V- need not equal in absolute val- 
ue. In such cases, if the absolute value of the focus 
search drive voltage V- is M times the focus search drive 
voltage V+, then Equation (4) becomes 

T3=(T1-T2)x JW2 _ (5) 

Fig. 3 shows a process of control by soft ware for 
moving the object lens from the just focus point of the 
first layer to the just focus point of the second layer. In 
upward acceleration of the object lens in step 31 , since 
the focus search drive voltage V+ is supplied to the fo- 
cus drive coil 28 by setting the drive signal HIGH and 
the focus OPEN signal LOW, the object lens is acceler- 
ated upward. In step 32, after the data of the counter is 
replaced with zero, the control proceeds to step 33. As 
to whether the zero-cross detection signal FZC+ is 
HIGH or not in step 33, if FZC+ is HIGH, the control pro- 
ceeds to step 34; however, if FZC+ is low, the control 
does not proceed to step 34 until FZC+ becomes HIGH. 

For downward acceleration of the object lens in step 
34 after the zero-cross detection signal FZC+ becomes 
HIGH, the drive signal DRV is set LOW, and the focus 
search drive voltage V- is supplied to the focus drive coil 
28 to accelerate the object lens downward. Then the 
control proceeds to step 35. In step 35 the value of the 
counter is held in an address labeled with T1 (the ad- 
dress labelled T* is hereinbelow called register T*), and 
in step 36 the value of the counter is again set zero. 

The register T1 holds the value of a period of time 
counted after the object lens is accelerated upward until 
the zero-cross detection signal FZC+ becomes HIGH, 
and the counted value is taken as the period of time T1 . 
The value to be counted may be time, or any other 
amount equivalent to time, such as clocks of the appa- 
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ratus, may be selected to be held in the register. As to 
whether the zero-cross detection signal FZC+ is LOW 
or not in step 37, if FZC+ is LOW, then the control pro- 
ceeds to step 38; however, it FZC+ is HIGH, the control 
does not proceed to step 38 until FZC+ becomes LOW. 
I n step 38 the value of the counter is held in register T2 A . 

As to whether the zero-cross detection signal FZC- 
is HIGH or not in step 39, if FZC- is HIGH, the control 
proceeds to step 40; however, if FZC- is LOW, the con- 
trol does not proceed to step 40 until FZC-becomes 
HIGH. In step 40 the value of the counter is held in reg- 
ister T2 B , and in step 41 the average value of register 
T2 A and register T2 B is held in register T2. In next step 
42, a result of operation of (T1 -T2)N2 is held in register 
T3. In step 43, it is detected whether the sum of register 
T1 and register T3 equals the value of the counter or 
not. If they are equal, the control proceeds to step 44; 
however, if not, step 43 is repeated until the sum of T1 
and T3 becomes equal to the value of the counter. 

After that, as to upward acceleration of the object 
lens in step 44, the drive signal DRV is set HIGH, and 
the focus search drive voltage V+ is supplied to the fo- 
cus drive coil 28 to accelerate the object lens upward. 
Detection of whether the zero-cross detection signal 
FZC- is HIGH or not in step 45 is a chattering step, and 
the control proceeds to step 46 when the zero-cross de- 
tection signal FZC- is detected to be HIGH. As to wheth- 
er the zero-cross detection signal FZC- is LOW or not 
in step 46, if it is determined that FZC- is LOW and that 
focalization on the just focus point of the second layer 
is established, the control proceeds to step 47. In step 
47, the focus OPEN signal is set HIGH, thus changing 
the switch 18, terminating the focus jump from the first 
layer to the second layer, and restoring the focus servo 
loop. 

Figs. 4A to 4J show a timing chart for focus jump 
from the second layer to the first layer. At Fig. 4A, taking 
time T on the horizontal axis and the lens height x on 
the vertical axis, the moving track of the object lens is 
illustrated. As stated above, for changing focalization 
from the just focus point of the second layer to the just 
focus point of the first layer, the object lens is first moved 
to once overshoot the just focus point of the destined 
first layer, and thereafter moved back to be focalized at 
the just focus point of the first layer. The speed of the 
object lens during these movements is shown at Fig. 4B 
where the lens speed v lies on the vertical axis. 

As shown at Fig. 4A, the movement from the just 
focus point of the second layer to the just focus point of 
the first layer starts at time t1. That is, at time t1, the 
control is changed from the focus servo loop control to 
the focus jump control. I n the period of time T1 from time 
t1 to time t2, the object lens is accelerated downward. 
Time t2 is the point where the S-curve of the focus error 
signal ERR of the first layer, when rising, surpasses the 
comparison voltage V3. After the object lens passes 
time t2, it is accelerated upward, passing a point (time 
t3) where the object lens intersects with the just focus 



point of the first layer. The object lens is further accel- 
erated upward, and passes time t4 where the lens speed 
is zero, taking the same period of time as T1 in which 
the object lens was accelerated downward. The object 

5 lens, after passing time t4, is accelerated upward by 
time t5, and then controlled to stop at the just focus point 
of the first layer. 

That is, as shown at Fig. 4C, digital data recorded 
on the second layer of the optical disk is read out as the 

10 reproduction RF signal by time t1 . Since the digital data 
recorded on the optical disk relies on the presence or 
absence of pits, the reproduction RF signal exhibits the 
waveform as illustrated. In order to effect focus jump 
from the second layer to the first layer, the object lens 

15 must first be accelerated downward. Therefore, the fo- 
cus OPEN signal (Fig. 4G) is set LOW, and the drive 
signal DRV (Fig. 4H) is set LOW. The focus OPEN signal 
shown at Fig. 4G maintains the LOW level to the end of 
the control for focus jump. 

20 When the drive signal DRV becomes LOW, the ob- 
ject lens moves downward. Accordingly, the signal level 
of the reproduction RF signal is lowered. When the re- 
production RF signal becomes lower than the compari- 
son voltage V1, the focus OK signal FOK becomes 

25 LOW. When the signal level of the reproduction RF sig- 
nal again goes high and surpasses the comparison volt- 
age V1 , the focus OK signal FOK becomes HIGH. This 
is because the focus jump causes the object lens to be- 
gin to move out of focalization on the second layer to- 

30 ward focalization on the first layer. After that, the focus 
jump to the first layer is completed at time t6, and digital 
data recorded on the second layer of the optical disk is 
read out. 

If a focus error signal ERR (Fig. 4E) is generated in 

35 the plus side and surpasses the comparison voltage V2, 
then the zero-cross detection signal FZC+ shown at Fig. 
4H becomes HIGH. When the focus error signal in the 
plus side approaches 0V and becomes smaller than the 
comparison voltage V2, the zero-cross detection signal 

40 FZC+ becomes LOW. 

When the focus jump from the second layer to the 
first layer is performed, the just focus point of the first 
layer becomes nearer than the just focus point of the 
second layer. Therefore, a focus error signal ERR is 

45 generated in the minus side with reference to the just 
focus point of the first layer. As stated above, when the 
focus error signal ERR (Fig. 4E) surpasses the compar- 
ison voltage V3 (time t2), the zero-cross detection signal 
FZC- becomes HIGH, and the drive signal DRV (Fig. 

50 4H) becomes HIGH. Therefore, the focus search drive 
voltage V+ (Fig. 4F) is supplied to the focus drive coil 
28. That is, the object lens is accelerated upward. When 
the focus error signal ERR becomes lower than the com- 
parison voltage V3, the zero-cross detection signal 

55 FZC- becomes LOW. 

The drive signal DRV (Fig. 4H) again becomes 
HIGH at time t5 where the object lens is distant from the 
just focus point of the first layer by a distance which is 
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half the distance at time t4, and the focus search drive 
voltage V- (Fig. 4F) is supplied to the focus drive coil 28. 
The supply of the focus search drive voltage V- contin- 
ues until the object lens reaches the just focus point of 
the first layer (time t6). After time t6, digital data on the 
first layer is reproduced in the ordinary way. 

Fig. 5 shows a process of control by soft ware tor 
moving the object lens from the just focus point of the 
second layer to the just focus point of the first layer. In 
downward acceleration of the object lens in step 51, 
since the focus search drive voltage V- is supplied to the 
focus drive coil 28 by setting the drive signal DRV LOW 
and the focus OPEN signal LOW, the object lens is ac- 
celerated downward. In step 52, after the data of the 
counter is replaced with zero, the control proceeds to 
step 33. As to whether the zero-cross detection signal 
FZC- is HIGH or not in step 33, if FZC- is HIGH, the 
control proceeds to step 54; however, if FZC- is low, the 
control does not proceed to step 34 until FZC- becomes 
HIGH. 

For upward acceleration of the object lens in step 
54 after the zero-cross detection signal FZC-becomes 
HIGH, the drive signal DRV is set HIGH, and the focus 
search drive voltage V+ is supplied to the focus drive 
coil 28 to accelerate the object lens upward. Then the 
control proceeds to step 55. In step 55 the value of the 
counter is held in register T1 , and in step 36 the value 
of the counter is again set zero. That is, register T1 holds 
the time in which the object lens is accelerated upward. 
As to whether the zero-cross detection signal FZC- is 
LOW or not in step 57, if FZC-is LOW, then the control 
proceeds to step 58; however, if FZC- is HIGH, the con- 
trol does not proceed to step 58 until FZC- becomes 
LOW. In step 58 the value of the counter is held in reg- 
ister T2 A . 

As to whether the zero-cross detection signal FZC+ 
is HIGH or not in step 59, if FZC+ is HIGH, the control 
proceeds to step 60; however, if FZC+ is LOW, the con- 
trol does not proceed to step 60 until FZC+ becomes 
HIGH. In step 60 the value of the counter is held in reg- 
ister T2 B , and in step 41 the average value of register 
T2 A and register T2 B is held in register T2. In next step 
62, a result of operation of (T1-T2)A/2 is held in register 
T3. In step 63, it is detected whether the sum of register 
T1 and register T3 equals the value of the counter or 
not. If they are equal, the control proceeds to step 64; 
however, if not, step 63 is repeated until the sum of T1 
and T3 becomes equal to the value of the counter. 

After that, as to downward acceleration of the object 
lens in step 64, the drive signal DRV is set LOW, and 
the focus search drive voltage V- is supplied to the focus 
drive coil 28 to accelerate the object lens downward. De- 
tection of whether the zero-cross detection signal FZC- 
is HIGH or not in step 65 is a chattering step, and the 
control proceeds to step 66 when the zero-cross detec- 
tion signal FZC+ is detected to be HIGH. As to whether 
the zero-cross detection signal FZC+ is LOW or not in 
step 66, if it is determined that FZC+ is LOW and that 



focalization on the just focus point of the first layer is 
established, the control proceeds to step 67. In step 67, 
the focus OPEN signal is set HIGH, thus changing the 
switch 18, terminating the focus jump from the second 

5 layer to the first layer, and restoring the focus servo loop. 
Figs 6A to 6J show a timing chart for focus jump 
from the first layer to the third layer as an example of 
focus jump of two or more layers. At Fig. 6A, taking time 
T on the horizontal axis and the lens height x on the 

10 vertical axis, the moving track of the object lens is illus- 
trated. As stated above, for changing focalization from 
the just focus point of the first layer to the just focus point 
of the third layer, the object lens is first moved to once 
overshoot the just focus point of the destined third layer 

is beyond the just focus point of the second layer and fur- 
ther overshoot the just focus point of the fourth layer, 
and thereafter moved back to be focalized at the just 
focus point of the third layer. The speed of the object 
lens during these movements is shown at Fig. 6B where 

20 the lens speed v lies on the vertical axis. 

As shown at Fig. 6A, the movement from the just 
focus point of the first layer to the just focus point of the 
third layer starts at time t1 . That is, at time t1 , the control 
is chan ged from the focus servo loop control to the focus 

25 jump control, in the period of time T1 from time t1 to time 
t2, the object lens is accelerated upward. Time t2 is the 
point where the S-curve of the focus error signal ERR 
of the first layer when rising, surpasses the comparison 
voltage V2. After the object lens passes time t2, it is ac- 

30 celerated downward, passing a point (time t3) where the 
object lens intersects with the just focus point of the third 
layer. The object lens is further accelerated downward, 
and passes time t4 where the lens speed is zero, taking 
the same period of time as T1 in which the object lens 

35 was accelerated upward. The object lens, after passing 
time t4, is accelerated downward by time 15, and then 
controlled to stop at the just focus point of the third layer. 

That is, as shown at Fig. 6C, digital data recorded 
on the first layer of the optical disk is read out as the 

40 reproduction RF signal by time t1 . Since the digital data 
recorded on the optical disk relies on the presence or 
absence of pits, the reproduction RF signal exhibits the 
waveform as illustrated. In order to effect focus jump 
from the first layer to the third layer, the object lens must 

45 first be accelerated upward. Therefore, the focus OPEN 
signal (Fig. 6G) is set LOW, and the drive signal DRV 
(Fig. 6H) is set HIGH. The focus OPEN signal shown at 
Fig. 6G maintains the LOW level to the end of the control 
for focus jump. 

50 When the drive signal DRV becomes HIGH, the ob- 
ject lens moves upward. Accordingly, the signal level of 
the reproduction RF signal is lowered. When the repro- 
duction RF signal becomes lower than the comparison 
voltage V1 , the focus OK signal FOK becomes LOW. 

55 When the signal level of the reproduction RF signal 
again goes high and surpasses the comparison voltage 
V1, the focus OK signal FOK becomes HIGH. This is 
because the focus jump causes the object lens to begin 
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to move out of focalization on the first layer toward lo- 
calization on the second layer. In this example, since the 
focus jump is to be effected from the first layer to the 
third layer, as shown at Fig. 6C, focalization is moved 
from the first layer to the third layer, from the second 
layer to the third layer, from the third layer to the fourth 
layer, and finally to the destined third layer, passing the 
fourth layer another time. After that, the focus jump to 
the first layer is completed at time t6, and digital data 
recorded on the third layer of the optical disk is read out. 

If a focus error signal ERR (Fig. 6E) is generated in 
the minus side and surpasses the comparison voltage 
V3, then the zero-cross detection signal FZC- shown at 
Fig. 6 J becomes HIGH. When the focus error signal in 
the minus side approaches OV and becomes smaller 
than the comparison voltage V3, the zero-cross detec- 
tion signal FZC- becomes LOW. 

When the focus jump from the first layer to the third 
layer is performed, the just focus point of the second 
layer becomes nearer than the just focus point of the 
first layer. Therefore, an S-curve is of a focus error signal 
ERR is generated in the minus side with reference to 
the just focus point of the first layer. After that, a plus- 
side S-curve based on the second layer is generated, 
and a minus-side S-curve is also generated. As illustrat- 
ed, when the object lens passes the just focus point 
while moving upward, an S-curve of the focus error sig- 
nal ERR first appears in the plus side and next in the 
minus side. When the object lens passes the just focus 
point while moving downward, an S-curve first appears 
in the minus side and next in the plus side. 

In this manner, the process of focus jump of two or 
more layers is exactly the same as the process of focus 
jump of one layer except that the time T1 is extended to 
the rising of the S-curve of a focus error signal ERR of 
a destined layer. The maximum height for movement of 
the object lens is within the range where the object lens 
does not hit the optical disk. 

Although the embodiment has been described set- 
ting the time from the start of acceleration of the object 
lens to the rising of the S-curve of the focus error signal 
ERR of a destined layer as the time T1 for the first ac- 
celeration of the object lens, the time T1 may be set oth- 
erwise provided the object lens can be accelerated such 
that focalization of the object lens moves beyond the just 
focus point of the destined layer. 

Moreover, although the embodiment of the soft- 
ware processing according to the invention employs the 
address labelled T* as the register T*. it is also possible 
to use the label T* itself as the register T*. 

According to embodiments of the invention, focali- 
zation to a destined layer can be established in a short 
time as compared the method of resuming a focus 
search operation after cancelling the focus servo con- 
trol. 

Also, embodiments of the invention can reliably 
catch the just focus point of a destined layer even with 
a variety in distance between layers because focus ser- 



12 

vo control is performed after moving the focalization be- 
yond the just focus point of the destined layer, unlike the 
method of upward and downward acceleration for a pre- 
determined time. 

5 Moreover, embodiments of the invention can per- 

form a reliable servo control after closing the focus servo 
loop because the speed of the object lens at the just 
focus point of a destined layer is approximately zero. 
Having described specific preferred embodiments 

io of the present invention with reference to the accompa- 
nying drawings, it is to be understood that the invention 
is not limited to those precise embodiments, and that 
various changes and modifications may be effected 
therein by one skilled in the art without departing from 

is the scope of the invention as defined in the appended 
claims. 

In summary, in embodiments of the invention, to 
move an object lens out of focalization on a layer and to 
accelerate it upwardly, a drive signal DRV is set HIGH, 

20 and a focus OPEN signal is set LOW. After a value a 
counter exhibits at this time is held in a register T1 , the 
counter is reset at zero. Then a value the counter exhib- 
its upon FZC+ being LOW is held in a register T2 A , and 
a value the counter exhibits upon FZC- being HIGH is 

25 held in a register T2 B . The value of a register T3 is cal- 
culated from T1 and the average of T2 A and T2 B , and 
when the counter value becomes equal to the sum of 
T1 and T3, DRV is set HIGH. After FZC- becomes be- 
comes equal to the sum of T1 and T3, DRV is set HIGH. 

30 After FZC- becomes LOW, OPEN is set HIGH, and the 
focus jump operation is completed. 

Claims 

35 

1. A disk reproducing apparatus for reproducing data 
recorded on a plurality of layers of an optical disk, 
comprising: 

40 first comparator means for comparing a focus 

error signal with a first voltage; 
second comparator means for comparing the 
focus error signal with a second voltage; 
drive voltage supplying means for selectively 
45 supplying a first or a second object lens drive 

voltage in response to results of comparison 
supplied from said first and/or second compa- 
rator means; and 

means for driving an object lens with said object 
50 lens drive voltage supplied from said drive volt- 

age supplying means. 

2. The disk reproducing apparatus according to claim 
1 , wherein said drive voltage supplying means corn- 

55 prises: 

first object lens drive voltage generator means 
for accelerating said object lens in a first direc- 
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tion; and 

second object lens drive voltage generator 
means for accelerating said object lens in a 
second direction different from said first direc- 
tion. 5 

3. The disk reproducing apparatus according to claim 

2, wherein said first and second object lens drive 
voltage generator means generate object lens drive 
voltages which are opposite in polarity and substan- 10 
tially equal in absolute value. 

4. The disk reproducing apparatus according to claim 

3, further comprising means for obtaining a duration 

of time from the point of time where the object lens is 
passes over a focalized point to the point of time 
where the object lens reaches a position most dis- 
tant from the focalized point. 



5. The disk reproducing apparatus according to claim 20 
4, further comprising: 



a first step for accelerating an object lens in a 
first direction; 

a second step for detecting that a focus error 
signal surpasses a first voltage and for accel- 
erating the object lens in a second direction dif- 
ferent from said first direction; 
athirdstep for detecting that the object lens has 
moved for a predetermined duration of time and 
for accelerating the object lens in said first di- 
rection; and 

a fourth step for detecting that the focus error 
signal surpasses a second voltage and for 
starting focus servo control. 

10. The disk reproducing method according to claim 9, 
wherein the acceleration in said first direction and 
the acceleration in said second direction are oppo- 
site in direction and substantially equal in absolute 
value. 

11. The disk reproducing method according to claim 1 0, 
wherein said third step further comprises: a step for 
obtaining a duration of time T1 of acceleration in 
said first direction by said first step; and a step for 
obtaining a duration of time T2 since the accelera- 
tion in said second direction by said second step 
starts until the object lens passes over a focalized 
point. 

1 2. The disk reproducing method according to claim 1 1 , 
wherein said third step further comprises a step for 
obtaining from said T1 and T2 a duration of time 
from a point of time where the object lens moves 
from the position most distant from the focalized 
point to a point of time where the object lens passes 
over a position distant from the focalized point by 
one half the distance of the most distant position 
from the focalized point. 

13. The disk reproducing method according to claim 9, 
further comprising a step of comparing a repro- 
duced RF signal with a third voltage. 



means for obtaining a duration of time T1 since 
the object lens passes over a focalized point 
until it reaches a position most distant from the 25 
focalized point; and 

means for obtaining a duration of time T2 since 
a comparison output is supplied from said first 
comparator means until said object lens passes 
over the focalized point. 30 

6. The disk reproducing apparatus according to claim 
5, further comprising means for obtaining from said 
T1 and T2 a duration of time from a point of time 
where the object lens moves from the position most 35 
distant from the focalized point to a point of time 
where the object lens passes over a position distant 
from the focalized point by one half the distance of 
the most distant position from the focalized point. 

40 

7. The disk reproducing apparatus according to claim 
2, wherein said first and second voltages are set to 
values at which the focus error signal is approxi- 
mately 0V and not affected by noise. 

45 

8. The disk reproducing apparatus according to claim 
1, further comprising: 

third comparator means for comparing a repro- 
duced RF signal with a third voltage; and so 
means responsive to a result of comparison by 
said third comparator means to control opera- 
tions of said first and second comparator 
means. 

55 

9. A disk reproducing method for reproducing data re- 
corded on a plurality of layers of an optical disk, 
comprising: 
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